Mechanism Behind the Apparent Large Stokes Shift in LSSmOrange Investigated by Time-Resolved Spectroscopy.
LSSmOrange is a fluorescent protein with a large energy gap between the absorption and emission bands (5275 cm(-1)). The electronic structure of the LSSmOrange chromophore, 2-[(5-)-2-hydroxy-dihydrooxazole]-4-(p-hydroxybenzylidene)-5-imidazolinone, is affected by deprotonation of the p-hydroxybenzylidene group. We investigated LSSmOrange by time-resolved spectroscopy in the femtosecond and nanosecond range. The ground state chromophore was almost exclusively in the neutral form, which had a main absorption band at 437 nm with a small shoulder at 475 nm. The absorption at a wavelength within the former band promoted the protein to the excited state where excited state proton transfer (ESPT) could lead to deprotonation in 0.8 ps. Following ESPT, the chromophore emitted fluorescence with a maximum at 573 nm and a decay time of 3500 ps. Although deprotonation by ESPT occurs, we unexpectedly found a slow accumulation of the anionic form in the ground state upon repeated high intensity excitation. This accumulation of the anionic form was accompanied by a shift of the absorption band to 553 nm without changing the emission band. MALDI-MS revealed that this shift is accompanied by decarboxylation of E222, which is interacting with the imidazolinone ring of the chromophore. We concluded that the photoinduced decarboxylation induced a conformational change that affected local environment around the hydroxyl group, resulting in a stable deprotonated form of the chromophore.